This review summarises the evidence for inequalities in community and consumer nutrition environments from ten previous review articles, and also assesses the evidence for the effect of the community and consumer nutrition environments on dietary intake. There is evidence for inequalities in food access in the US but trends are less apparent in other developed countries. There is a trend for greater access and availability to healthy and less healthy foods relating to better and poorer dietary outcomes respectively. Trends for price show that higher prices of healthy foods are associated with better dietary outcomes. More nuanced measures of the food environment, including multi-dimensional and individualised approaches, would enhance the state of the evidence and help inform future interventions.
Background
Socioeconomic disparities in dietary quality exist in developed countries across the globe (Ball et al. 2004; Ecob et al. 2000; Robinson et al. 2004) and are contributing to the inequitable distribution of conditions such as obesity and cardiovascular disease (Fox et al. 2011; McLaren 2007; Mente et al. 2009 ). Dietary intake is recognised as a complex behaviour of multi-factorial origin, whereby individual and environmental factors interact to influence what people eat (Foresight 2007; Story et al. 2008 ). Areas with little or no provision of healthy foods are believed to contribute to disparities in diet-related conditions such as obesity and diabetes, particularly in the United States (US) (Larson et al. 2009; Walker et al. 2010 ).
There is growing evidence that the neighbourhood food environment is an important determinant of dietary behaviour and obesity (Giskes et al. 2011; Holsten 2009; Lovasi et al. 2009 ) and an increasing consensus over the need to adapt the environment to make healthy choices easier, particularly for individuals from disadvantaged backgrounds (Department of Health UK 2010). Recent recommendations from the United Nations stressed the need for member states to provide equitable access and availability to foods that contribute to a healthy diet and discourage the production and promotion of foods that contribute to an unhealthy diet (United Nations General Assembly 2012).
The literature examining associations between neighbourhood environmental factors and socio-economic indicators or diet has grown in recent years (Caspi et al. 2012b ). The neighbourhood food environment literature has tried to address many different research questions using a variety of different outcome and exposure measures and very few valid or reliable measures (Charreire et al. 2010; Gustafson et al. 2012; McKinnon et al. 2009b ). This diversity in methodologies combined with the ecological design of the vast majority of studies has made interpreting this body of literature challenging within the standard systematic review paradigm.
As a result, previous reviews of the evidence have made recommendations for further research rather than concise conclusions about the strength or range of effect sizes of the current evidence base (Caspi, Sorensen, Subramanian, & Kawachi 2012b; Giskes, van Lenthe, Avendano-Pabon, & Brug 2011; Gustafson, Hankins, & Jilcott 2012; Larson, Story, & Nelson 2009; Walker, Keane, & Burke 2010) . This paper offers the first synthesis of previous review articles to determine the evidence for socioeconomic disparities in the neighbourhood food environment and explores the potential for quantifying the relationship between the food environment and dietary inequalities.
Organising the evidence
Leading academics in the food environment field have called for research to use conceptual models that theorise and test the mechanisms by which specific environmental exposures interact with individual factors to influence health behaviours such as diet (Cummins 2007; McKinnon et al. 2009a; Oakes et al. 2009) . A widely used model of the food environment is that of Glanz et al in 2005 (Figure 1 ). It considers the policy, environmental, social and individual determinants of diet. The model links dietary behaviour directly to a collection of three settings: community nutrition environment, consumer nutrition environment and organisational nutrition environment. The model also suggests that the effect of these settings plus a fourth setting, the information environment (media and the availability of different types of food outlets within a specific area such as census tracts or buffer zones around centroid, home or food outlet. Density calculations may include total count, count per population, per square area or kernel density estimation (density calculation weighted by distance from origin). Diversity measures the different types of outlets for example the number of different fast food outlets.
The consumer nutrition environment reflects factors that consumers encounter within a retail food outlet such as the types of food available, price, promotions, placement, range of choice, freshness or quality and nutrition information. Assessment of the in-store environment typically requires internal audits by observation using a checklist or market basket tool (McKinnon, Reedy, Morrissette, Lytle, & Yaroch 2009b) . A range of such tools have been developed where the majority measure product availability and price. A smaller number of tools consider additional factors such as product quality or variety (Gustafson, Hankins, & Jilcott 2012) . Fewer studies have explored consumer nutrition environment factors probably due to the time and financial costs associated with collecting and analysing such data (Thornton & Kavanagh 2010b) .
The organisational nutrition environment refers to specific institutional settings where defined groups of people consume food such as workplace cafeterias or children's centres, churches and healthcare facilities. The nutrition environment of these institutions has long been identified as an important determinant of health whereby the ethos, policies and practices of the setting can heavily influence an individual's beliefs and behaviours including food choices (McLeroy et al. 1988) . To date the role of organisational nutrition environments have rarely been considered in reviews of the food environment literature. However, these settings can play an important part of an individual's day-to-day life and form part of their food environment exposure.
This paper uses the model by Glanz and colleagues to structure a review of the literature with a key focus on identifying the evidence for the role of the food environment on dietary inequalities. This review is restricted to research conducted in developed nations, on adults aged 18-60 years and does not cover literature on the organisational nutrition environment. More specifically, the review i) summarises the evidence for neighbourhood disparities in community and consumer nutrition environments from previous review articles, and ii) assesses the evidence for the effect on dietary intake.
Methods
In order to summarise the evidence for neighbourhood disparities in community and consumer nutrition environments previous semi-systematic and systematic review articles assessing this literature were identified and synthesised. A literature search for reviews was completed in January 2013 using Medline and Web of Science databases using the search terms 'review' and 'food environment'. A total of 123 articles were reviewed. After screening and analysis a total of ten papers were found to have reviewed the findings of studies investigating neighbourhood disparities in the community and consumer nutrition environments. Review papers that described methods for assessing the food environment were excluded. Collectively these 10 review articles considered research on the community and consumer nutrition environment to early 2011. Additional original research papers recently published were also considered to present examples of more recent evidence.
To answer the second aim of the paper, and assess the evidence for an effect of the community and consumer nutrition environments on dietary intake, a literature search was performed in in November 2012 and again in September 2013 using Medline, Embase, AMED and PsycArticles, and Web of Science databases. Both MeSH and free terms were applied including 'environmental medicine' (MeSH), 'food stores', 'food outlet', 'food price', 'food availability', 'food promotions', 'food habits' (MeSH), 'diet', 'consumption' and 'intake'. A total of 3943 articles were returned in November 2012. After screening abstracts and removing duplicates 59 original research articles and two review articles were identified. A further 33 articles were excluded because they did not assess the direct relationship between objective measures of permanent food outlets and dietary outcomes in adults aged 18-60 years. An additional 21 articles were identified from the bibliographies of relevant papers and through contact with experts in the field of food environment research. In September 2013 nine new studies that met the inclusion criteria were identified. Due to the heterogeneity of the exposure and outcome variables used in these original research papers a meta-analysis could not be performed. As an alternative, exposure measurements were tallied according to the direction of their relationship with three common dietary outcomes: dietary quality, fruit and vegetable intake or fast food intake. Several exposure measures from a single article may have been included in the count. Exposure measures were grouped by store type and key environmental variables (density, proximity, availability, price, quality and variety). The final results were presented in tables or graphs. Similar methods were used to summarise studies which investigated relationships between environmental variables and diet in disadvantaged populations.
Results

Question 1: Disparities in the neighbourhood food environment
A total of ten published reviews have assessed studies investigating differences in neighbourhood deprivation or ethnicity of the community nutrition environment and/or the consumer nutrition environment (Beaulac et al. 2009; Black et al. 2008; Fleischhacker et al. 2011; Ford et al. 2008; Fraser et al. 2010; Gustafson, Hankins, & Jilcott 2012; Hilmers et al. 2012; Larson, Story, & Nelson 2009; Lovasi, Hutson, Guerra, & Neckerman 2009; Walker, Keane, & Burke 2010) . Three articles were described as systematic reviews (Beaulac, Kristjansson, & Cummins 2009; Fleischhacker, Evenson, Rodriguez, & Ammerman 2011; Gustafson, Hankins, & Jilcott 2012) however, only one review by Beaulac et al indicated that two independent authors had reviewed the search results. Collectively, these reviews consider 102 original research papers from five developed countries, which were published from 1966 to 2011. Four of the ten review articles assessed literature solely from the US where the bulk of the research in this field has been conducted (Ford & Dzewaltowski 2008; Larson, Story, & Nelson 2009; Lovasi, Hutson, Guerra, & Neckerman 2009; Walker, Keane, & Burke 2010) . The remaining six reviews took an international perspective but were limited to research from developed nations and papers published in English. Of the 102 papers reviewed, 70 were from the US, 12 from the UK, 11 from Black et al. Page 4
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Europe PMC Funders Author Manuscripts Canada, seven from Australia and two from New Zealand. Approximately half (47%) of the studies focused on assessing neighbourhood disparities in the community nutrition environment, 34% on the consumer nutrition environment and 19% included measures of both these nutrition environments. There was much overlap in original research papers reviewed, with 41% of studies featuring in more than one review article.
The reviews considered heterogeneity in measurements of the community and consumer nutrition environments to be a major challenge in interpreting the literature. A variety of definitions of neighbourhood and food outlets had been used and a range of analyses applied for measures of food outlet density or proximity and the availability and price of food within stores. As a result of this heterogeneity none of the review articles were able to perform a meta-analysis. A summary of the ten review articles is provided in Table 1 and a summary of their main findings are described below.
Community nutrition environment
There is consensus across the nine articles reviewing the community nutrition environment of sufficient evidence that residents of low income or ethnic minority neighbourhoods in the US have disproportionally poorer access to healthy foods (Beaulac, (Lovasi, Hutson, Guerra, & Neckerman 2009 ). The evidence for differences in access to healthy food by level of area deprivation from other developed nations including Canada, Australia and the UK was equivocal (Beaulac, Kristjansson, & Cummins 2009; Black & Macinko 2008) . However, there was more consistent evidence for disparities in access to fast food outlets in these countries, with greater access in more deprived neighbourhoods (Black & Macinko 2008; Fleischhacker, Evenson, Rodriguez, & Ammerman 2011; Fraser, Edwards, Cade, & Clarke 2010; Hilmers, Hilmers, & Dave 2012) .
The five review articles that assessed the evidence for neighbourhood differences in fast food access found that internationally, the vast majority of studies showed greater access to fast food outlets in neighbourhoods with higher levels of deprivation and minority populations (Black & Macinko 2008; Fleischhacker, Evenson, Rodriguez, & Ammerman 2011; Fraser, Edwards, Cade, & Clarke 2010; Hilmers, Hilmers, & Dave 2012; Larson, Story, & Nelson 2009 ).
The United States-The four review articles which assessed the evidence for spatial disparities in grocery store access found consistent trends for low-income and ethnic communities in the United States having fewer supermarkets per capita and farther distances to travel to the closest store than more affluent communities (Beaulac, Kristjansson, & Cummins 2009; Black & Macinko 2008; Larson, Story, & Nelson 2009; Walker, Keane, & Burke 2010) . For example, research assessing the national distribution of supermarkets by zip codes showed that residents in low income neighbourhoods had only 75% as many chain supermarkets as middle income neighbourhoods (Powell et al. 2007b ). There were also differences in access according to ethnicity, with the availability of chain supermarkets in neighbourhoods with higher proportions of black residents roughly half that in predominantly white neighbourhoods. Similarly research from Detroit, which investigated distance to closest supermarket from census tracts centroid, showed the nearest supermarket was at a significantly greater distance from people's homes in the most impoverished areas (>17% in poverty) compared with the least impoverished areas (<5% in poverty) (Zenk et al. 2005) . Furthermore, the most impoverished black areas were 1.1 miles futher from the closest supermarket than the most impoverished white areas. A more recent study in a Texan county however, found that percent Latino in the neighbourhood was not associated with access to supermarkets, grocery stores or specialty stores but there was an association with exposure to convenience stores (Lisabeth et al. 2010 ). This brief summary suggests, as noted in the review by Black et al (Black & Macinko 2008) , that there is evidence in the US that neighbourhood environmental factors may be inhibiting residents of more disadvantaged communities from making health dietary choices.
In the United States a national study that examined the distribution of food service outlets in more than 28,000 zip codes, found lower income neighbourhoods had 1.2 and 1.3 times the number of full service and fast food outlets of higher income neighbourhoods respectively (Powell et al. 2007a ). These disparities were observed after adjustment for population density, urbanisation and region. Research from New York City highlights how black communities are disproportionally affected by fast food access with results showing that the prevalence of fast food outlets was positively associated with percentage of black residents (Kwate et al. 2009 ). This association was stronger than the association with median household income such that high income black neighbourhoods had similar exposure to fast food outlets as low income black neighbourhoods. A more recent study, included in one review article (Hilmers, Hilmers, & Dave 2012) , applied a novel approach to assessing food outlet accessibility by creating an index that considered density of supermarkets, convenience stores selling healthy foods and fast food outlets in census blocks . Results showed that predominantly black neighbourhoods had poorer food access scores while predominantly Latino and white neighbourhoods had better food access scores. Additionally, neighbourhoods with the highest median income had better food access scores compared with the lowest income neighbourhoods.
Other developed nations-Grocery store access studies from other developed nations including Australia, Canada and the UK have not consistently identified disparities in access to supermarkets and grocery stores among neighbourhoods of varied socioeconomic status (Beaulac, Kristjansson, & Cummins 2009; Black & Macinko 2008 ) and very few studies have reported differences by the ethnic composition. For example, research from Melbourne, Australia, has shown that geographical access to supermarkets and fruit and vegetable stores was better for those living in more advantaged neighbourhoods (Ball et al. 2009 ). This finding was consistent across three measures of access: count within a two kilometre buffer of home, density per 10, 000 residents and closest proximity via road network. Another study from Melbourne, however, found that although more advantaged areas had closer access to supermarkets, most residents (>80%) lived within an 8-10 minute car journey of a major supermarket suggesting most people had good access to healthy food (Burns et al. 2007) . Similarly, research in Brisbane, Australia, demonstrated no differences in shopping infrastructure according to the socioeconomic status of census districts (Winkler et al. 2006b ). In Canada, research conducted in Edmonton revealed few differences in supermarket access across neighbourhoods of differing socioeconomic status or proportion of Aboriginal residents (Smoyer-Tomic et al. 2008) . Furthermore, research in British Columbia and Quebec has shown that supermarkets pre-dominated low income neighbourhoods (Apparicio et al. 2007; Black et al. 2011) , while in Ontario, lower income neighbourhoods were predominated by convenience stores (Latham et al. 2007 ). The evidence from the UK is also mixed. Assessment of the community nutrition environment in Wales and Northern England has shown poorer access to supermarkets in poorer areas (Clarke et al. 2002) . Research in Glasgow, however, has shown little difference by neighbourhood deprivation (Macdonald et al. 2009) or better access to supermarkets in more deprived neighbourhoods (Cummins et al. 2002) . Nation-wide research in Sweden, that was not included in the review articles, revealed that neighbourhoods of high deprivation have a greater prevalence of supermarkets and grocery stores than less deprived neighbourhoods (Kawakami et al. 2011 ). These results provide further indication that food access issues, which appear to be importance predictors of inequalities in the US, may be less apparent in other developed countries.
Socioeconomic trends in fast food access in other developed countries have been reasonably consistent with trends observed in the US (Black & Macinko 2008) . Only three studies, from Canada and the UK, have shown no association between level of neighbourhood deprivation and fast food access (Fleischhacker, Evenson, Rodriguez, & Ammerman 2011; Fraser, Edwards, Cade, & Clarke 2010) . In Australia for example, research in Melbourne has shown, that residents of the poorest neighbourhoods lived closer, and had up to 2.5 times more exposure to fast food outlets, than people living in wealthier neighbourhoods (Burns & Inglis 2007; Reidpath et al. 2002) . In Edmonton, Canada, poorer neighbourhoods, as well as those with higher percentages of Aboriginal residents, had greater access to fast food outlets than more affluent neighbourhoods (Smoyer-Tomic, Spence, Raine, Amrhein, Cameron, Yasenovskiy, Cutumisu, Hemphill, & Healy 2008) . This association remained after adjusting for supermarket proximity to residents' homes. Research from the UK has shown a positive linear relationship between the density per 1000 population of McDonald's and other chain fast food outlets and neighbourhood deprivation such that fast food outlets were more prevalent in poorer areas (Cummins et al. 2005b; Macdonald et al. 2007 ). However, investigations including all out-of-home eating outlets in Glasgow showed the density was highest in neighbourhoods of the second most affluent quintile (Macintyre et al. 2005) . A recent study assessing facilities across Sweden revealed results consistent with the international trend showing higher prevalence of fast food outlets in more deprived neighbourhoods (Kawakami, Winkleby, Skog, Szulkin, & Sundquist 2011) .
Consumer nutrition environment
Six review articles appraised neighbourhood disparities in the consumer nutrition environment literature, three with an international perspective (Beaulac, Kristjansson, & Cummins 2009; Black & Macinko 2008; Gustafson, Hankins, & Jilcott 2012) and three focused on literature from the US (Ford & Dzewaltowski 2008; Larson, Story, & Nelson 2009; Walker, Keane, & Burke 2010) . Ford et al (Ford & Dzewaltowski 2008) concluded that consumer nutrition environment studies revealed weaker associations between in-store variables and area deprivation than community nutrition environment studies that used store type as a proxy for healthy food (larger stores having greater availability and cheaper prices). However, the authors also stated that consumer nutrition environment studies are important because they allow for critical differences in availability, price and quality to be observed (Ford & Dzewaltowski 2008) .
The United States-There is some evidence for neighbourhood disparities in the availability of healthier foods in the United States but the evidence for price is less robust (Beaulac, Kristjansson, & Cummins 2009; Ford & Dzewaltowski 2008; Larson, Story, & Nelson 2009; Walker, Keane, & Burke 2010) . For example, results from in-store surveys in two socioeconomic and ethnically contrasting cities in Alabama revealed that the more disadvantaged city had a dominance of convenience stores which stocked few healthy foods. The more affluent city had no convenience stores and several chain supermarkets which offered a large variety of healthy food options and lower price ranges for some fruit and vegetables (Bovell-Benjamin et al. 2009 ). In contrast, survey results from grocery stores in two socio-economically and ethnically contrasting cities in Chicago showed that store prices were cheaper in the poorer community (Block et al. 2006 ).
Other developed countries-In other developed countries the evidence is equivocal (Beaulac, Kristjansson, & Cummins 2009; Gustafson, Hankins, & Jilcott 2012) . In Australia, research in Brisbane showed no differences in fruit and vegetable price or availability by level of neighbourhood deprivation (Winkler et al. 2006a ). In-store surveys in Melbourne however, revealed that fruit and vegetable availability slightly favoured more affluent neighbourhoods but food prices were cheaper in more deprived neighbourhoods (Ball, Timperio, & Crawford 2009 ). Cheaper food prices in poorer areas have also been observed in Canada (Latham & Moffat 2007 ) and the UK (Cummins & Macintyre 2002; Cummins et al. 2010) .
Although limited and reviewed in only one article, evidence has consistently shown poorer quality produce in more deprived neighbourhoods (Gustafson, Hankins, & Jilcott 2012) . A recent study from the UK revealed that residents of the most deprived neighbourhoods had 69-76% greater risk of poor quality fruit and vegetables than residents of more affluent neighbourhoods (Black et al. 2012) . The small body of evidence assessing the consumer nutrition environment in food service outlets, reviewed in only one article, revealed that restaurants in more affluent areas offer more healthy menu options than low income areas (Larson, Story, & Nelson 2009 ). The current evidence for socioeconomic neighbourhood differences in the consumer nutrition environment suggests that the relationship between the availability and price of healthy food and area deprivation is complex and context dependent Europe PMC Funders Author Manuscripts (Ford & Dzewaltowski 2008) . Variations in the foods assessed in stores and exclusion of instore factors such as marketing and product placement limits the ability of the current body of evidence to determine whether neighbourhood differences in the consumer nutrition environment contribute to dietary inequalities (Gustafson, Hankins, & Jilcott 2012) .
Question 2: The neighbourhood food environment and dietary quality
In the search for evidence of a relationship between the community and consumer nutrition environments and dietary outcomes two systematic reviews were identified. Caspi et al (Caspi, Sorensen, Subramanian, & Kawachi 2012b ) completed a systematic review of articles published prior to March 2011 which investigated a relationship between neighbourhood food environment exposures and diet. A total of 38 empirical studies were identified, 26 of which measured the relationship between objective community or consumer nutrition environment exposures and dietary outcomes in adults aged 18-60 years. More than two-thirds of the articles (n=26) used geographical exposure data to measure community nutrition environment against dietary outcomes. Gustafson et al (Gustafson, Hankins, & Jilcott 2012) systematically reviewed literature investigating the consumer nutrition environment of food stores from 2000 to 2011. A total of six articles that assessed the relationship between objective consumer nutrition environment exposures and diet in adults aged 18-60 years were identified. One article (Hermstad et al. 2010 ) was additional those identified by Caspi et al, however, has not been included in our review because multiple community and consumer nutrition environment variables were combined in a model, making direct comparison with other original research papers not possible.
The literature search for the present paper identified a further 27 articles (Ball et al. 2006; Boone-Heinonen et al. 2011; Burgoine et al. 2009; Burgoine et al. 2011; Casagrande et al. 2011; Caspi et al. 2012a; Duffey et al. 2010; Dunn et al. 2012; Fuller et al. 2013; GordonLarsen et al. 2011; Gustafson et al. 2013a; Gustafson et al. 2013b; Hickson et al. 2011; Jack et al. 2013; Layte et al. 2011; Macdonald et al. 2011; Minaker et al. 2013; Monsivais et al. 2012; Murakami et al. 2010; Ollberding et al. 2012; Rehm et al. 2011; Richardson et al. 2011; Robinson et al. 2013; Sadler et al. 2013; Sharkey et al. 2011; Thornton et al. 2012; White et al. 2004 ) in addition to those identified by Caspi et al and Gustafson et al. Grey literature identified from the bibliographies of relevant papers were included in this review however the grey literature was not systematically reviewed. All identified literature was reviewed by only one reviewer. The findings from the two systematic reviews and a summary of the original research papers investigating the neighbourhood food environment and dietary outcomes is provided below for the community and consumer nutrition environments respectively.
Community nutrition environment and dietary quality
A total of 31 articles, involving adults aged 18-60 years, measured access to food stores using measures of density. These studies tested whether (a) increased access to food stores selling healthy foods such as supermarkets/ greengrocers is associated with better dietary outcomes and/or (b) increased access to outlets selling less healthy foods like fast food outlets is associated with poorer dietary outcomes. The majority of these studies (n=20) identified at least one significant association between geographical density and their diet in Black et al. Page 9 Health Place. Author manuscript; available in PMC 2016 July 18. the expected direction. Two studies assessed the ratio of number of healthy food outlets to less healthy food outlets (Retail Food Environment Index) within a specified boundary but found no association between overall retail exposure and diet(Gustafson, Christian, Lewis, Moore, & Jilcott 2013a;Minaker, Raine, Wild, Nykiforuk, Thompson, & Frank 2013) . A total of 24 articles, involving adults aged 18-60 years, examined distance to nearest food outlet from participant's home or proxy location. Thirteen of these papers revealed no association between proximity and diet. One study investigated fast food chain diversity and showed that increased numbers of different fast food outlets were linked with higher fast food intake (Thornton et al. 2009 ).
Summaries of the findings from the 42 original research papers investigating a relationship between community nutrition environment exposures and diet are presented in Figures 2-5 . Around a quarter of the density findings provide evidence for expected associations: food stores selling healthy foods (supermarkets, grocery stores and green grocers) related to better dietary outcomes (27%) and less healthy food stores related to poorer dietary outcomes (22%). Approximately one fifth of the proximity findings provide for an association between healthier food stores and better dietary outcomes (20%) and even fewer indicate an association between less healthy food outlets and poorer dietary outcomes (13%). Very similar trends were observed in the few studies (n=9) that focused analyses on disadvantaged populations. More than a quarter of the density findings showed an association between density of healthier food stores and better dietary outcomes while, nearly a fifth showed evidence of an association between closer proximity to healthier food stores and better dietary outcomes. No relationships were observed between proximity of convenience stores and diet in disadvantaged populations however, proximity to fast food outlets was associated with higher fast food intake in the one study identified (Dunn, Sharkey, & Horel 2012) . The evidence for the community nutrition environment shows a trend toward expected associations however the majority of findings reported no association. There is some variation by global regions which is discussed further below.
The United States-The majority of studies have been conducted in United States (n=24). This literature provides the strongest evidence of all regions for a relationship between community nutrition environment exposures and dietary outcomes with almost two thirds showing significant associations (p<0.05) in the expected direction. Better access to supermarkets and green grocers was associated with healthier dietary behaviours in ten studies. However, a further eleven studies revealed no significant associations. Two studies revealed negative associations between fruit and vegetable intake and the density of small grocery stores and convenience stores which are known to offer poorer availability of healthy foods Powell et al. 2009 ). For example, Powell et al (Powell, Zhao, & Wang 2009) showed that each additional grocery store per 10,000 capita was associated with an approximate 3% decrease in weekly fruit and vegetable consumption (p=0.05). This study by Powell et al also showed that each additional fast food outlet per 10,000 capita was associated with an approximate 5% decrease in fruit and vegetable consumption. However, the evidence for a relationship between fast food access and fast food intake in the US is mixed with four of the nine studies showing mixed results and three returning null or unexpected findings. Results from a longitudinal study stratifying the Europe PMC Funders Author Manuscripts sample by gender found no association between fast food outlet density and fast food consumption in women. For males however, 1% increase in access to fast food outlets within a 1km and 1-3km radius from home corresponded with modest increases in monthly fast food intake of 0.13% and 0.34% respectively (Boone-Heinonen, Gordon-Larsen, Kiefe, Shikany, Lewis, & Popkin 2011). The evidence suggests that while some inconsistency exists in the literature there is weak evidence for a relationship between community nutrition environment exposures and dietary outcomes in the US.
Canada-One comprehensive study in Ontario, Canada, has assessed the relationship between food access and diet (Minaker, Raine, Wild, Nykiforuk, Thompson, & Frank 2013) . This study measured multiple aspects of the community nutrition environment including road network distance to nearest grocery store, convenience store and fast food outlet, total store and restaurant density within one kilometre of home, and the ratio of healthy to unhealthy stores and restaurants. Analyses were stratified by gender and results revealed not one significant relationship. These lack of findings suggest that in Canada, diet quality is not influenced by access to food stores and restaurants however, clear conclusions cannot be drawn from a single study.
Australasia-A total of eight articles were identified from the Australasia region: four from Australia, two from New Zealand and two from Japan. The outcomes from these papers are largely equivocal, with several studies revealing mixed results. For example, the SESAW study from Australia found that density of supermarkets per 10,000 residents (Ball, Crawford, & Mishra 2006) and within 2km radius of low-income women's homes (Williams et al. 2010) was not associated with fruit and vegetable consumption. Higher supermarket density within 3 km radius of residence, however, was associated with increased vegetable consumption of the full sample of women (Thornton et al. 2010a ). In New Zealand, research by Pearce et al (Pearce et al. 2008; Pearce et al. 2009) found no association between supermarket access and fruit and vegetable consumption. However, this study did show that residents with the worst access to fast food outlets were up to 17% more likely to consume the recommended intake of vegetables and those with the best access to convenience stores were up to 25% less likely to.
Europe-Across Europe, a total of nine articles written in English were identified: eight from the UK (5 in England and three in Scotland), and one from Ireland. This literature revealed many inconsistencies with several studies reporting inconsistent findings. In the UK, Burgoine et al (Burgoine, Alvanides, & Lake 2011) showed no association between fruit and vegetable consumption and density of supermarkets or convenience stores. They also found an unexpected association between elevated vegetable consumption and higher density of food service outlets. These outlets included restaurants as well as take-away outlets and the authors postulate that residents may not always be making unhealthy choices if they are eating-out within their neighbourhood. Two natural experiments exploring the effects of opening a new supermarket have been conducted in the UK. In northern England, consumers who switched supermarkets or lived within 500 meters of the new store had increased fruit and vegetable consumption after the new supermarket had opened (Wrigley et al. 2003) . In Glasgow, however, no positive effect on the fruit and vegetable intake of neighbourhood residents was identified even though 30% of the sample reported switching to the new supermarket (Cummins et al. 2005a ). The single non-UK study revealed a weak effect for supermarket access on dietary quality in the republic of Ireland: each additional supermarket within a two kilometre radius from home was associated with a 2.5% increase in diet score which represented a healthier dietary pattern (Layte, Harrington, Sexton, Perry, Cullinan, & Lyons 2011) . The findings from studies in Europe demonstrate inconsistencies in the relationships between the community nutrition environment and diet and the effect sizes observed have been relatively small. However, the body of literature is limited, particularly outside the UK, and there is a need to improve methodological techniques to enhance the quality of this body of evidence (Caspi, Sorensen, Subramanian, & Kawachi 2012b; Charreire, Casey, Salze, Simon, Chaix, Banos, Badariotti, Weber, & Oppert 2010) .
Consumer nutrition environment and dietary quality
A total of 20 studies used in-store audit tools to measure consumer nutrition environment exposures and dietary outcomes in adults aged 18-60 years. These studies tested whether (a) better availability, variety and quality of healthy foods is associated with healthier dietary intakes and/or (b) lower costs of healthy food and higher costs of less healthy food are associated with healthier dietary outcomes.
Different in-store audit tools were used across most studies and few studies reported the psychometric properties of reliability. Ten assessed product availability, six of which identified at least one positive association with diet. The eight studies that assessed price found either null associations or unexpected associations where better dietary patterns were associated with higher prices. The two longitudinal studies (Duffey, Gordon-Larsen, Shikany, Guilkey, Jacobs, Jr., & Popkin 2010;Gordon-Larsen, Guilkey, & Popkin 2011), however, showed that price increases on less healthy foods were associated with lower energy or fast food intake. Few studies measured the variety or quality of products (n=4) and results were mixed.
Summaries of the findings from the 20 original research papers investigating a relationship between consumer nutrition environment exposures and diet are presented in Table 2 . Almost a quarter (24%) of findings regarding the availability of healthy products revealed that better availability was associated to better dietary outcomes. Findings for price investigations showed that while a fifth of studies showed that lower prices of healthy and less healthy products increased consumption of these foods, almost half of the findings regarding price showed that higher prices of healthy foods were associated with better dietary outcomes. Few studies (n=5) investigated the effect of produce variety or quality on dietary outcomes and the evidence is currently equivocal.
The United States-A total of 16 studies from the United States have investigated links between factors within food stores and dietary outcomes. This region has the largest body of research on this topic and provides moderate evidence to support the hypothesis that the consumer nutrition environment influences diet. Of the ten studies investigating the relationship between product availability and dietary outcomes, six showed at least one significant association in the expected direction, healthy food availability and healthier dietary intakes. One study found that, after adjusting for individual characteristics, lower availability of healthy foods in residential neighbourhood was associated with higher scores on the poorer dietary pattern but not the better dietary pattern (Franco et al. 2009 ). Four studies using the NEMS-S market basket tool showed mixed results: lower availability of healthier foods was associated with poorer quality of diet patterns (Franco, Diez-Roux, Nettleton, Lazo, Brancati, Caballero, Glass, & Moore 2009 ) and better availability of healthier foods was associated with higher odds of eating at least one serve of vegetables a day (Gustafson, Lewis, Perkins, Wilson, Buckner, & Vail 2013b) , but associations between higher dietary quality and lower availability of healthier foods have also been found (Casagrande, Franco, Gittelsohn, Zonderman, Evans, Fanelli, & Gary-Webb 2011) .
Five of the nine studies investigating the effect of price on dietary outcomes found at least one significant association in the expected direction, higher prices and lower intake of less healthy items or lower prices and increased intakes of healthy items. A longitudinal price study showed a strong relationship between weekly fast food consumption and prices of soda and weaker associations for take-away burger prices (Gordon-Larsen, Guilkey, & Popkin 2011) . This relationship was differentiated by ethnicity and income. The strongest association, in black males, showed a 20% increase in the price of soda was associated with a 0.25 reduction in number of days eating fast food per week. Two recent cross-sectional studies using published price data revealed negative associations between total diet cost and dietary quality such that better quality diets were more costly (Rehm, Monsivais, & Drewnowski 2011) and diet cost mediated the relationship between socioeconomic position and diet quality (Monsivais, Aggarwal, & Drewnowski 2012) .
Other developed nations-Four studies have investigated product availability or price and diet outside of the US: two from the UK and one each from Canada and Australia. This small body of literature revealed inconsistent findings that can largely be considered inconclusive.
Discussion
This review has summarised the evidence for neighbourhood disparities in community and consumer nutrition environments from ten previous review articles, and also assessed the evidence for the effect of community and consumer nutrition environments on dietary intake. There is evidence that disadvantaged neighbourhoods in the US have poorer access to healthy foods than more affluent areas. Globally there is also a trend for greater access to less healthy foods in neighbourhoods of higher deprivation. More than a quarter of density investigations and a fifth of proximity investigations provide evidence for an association between increased access to stores selling healthy foods and better dietary outcomes. There is some evidence for neighbourhood disparities in the availability of healthier foods but the evidence on price is less robust. A quarter of the food availability investigations showed that greater availability of healthy foods was related to better dietary outcomes however, half of the price investigations revealed that higher prices for healthy products related to better dietary outcomes. The literature for other consumer nutrition environment factors such as variety, quality, placement and promotions is limited. 
Community nutrition environment
There is consensus across review articles of evidence in the community nutrition environment literature for area-based inequalities in healthy food access in the US: residents of low income and ethnic minority neighbourhoods in the US have disproportionately poorer access to healthy food than residents of more affluent neighbourhoods. The evidence for differences in access to healthy food is equivocal for Australia, Canada and the UK. However, there is compelling international evidence for inequalities in access to less healthy foods: neighbourhoods with higher levels of deprivation and ethnic populations have greater access to fast food outlets than more affluent, predominantly white neighbourhoods. This evidence confirms that, particularly in the US, there is variation in terms of neighbourhood factors that influence diet and health. The stronger evidence from the US may be in-part due to the higher levels of urban residential segregation in the US than in other developed countries. Globally, low income areas offer low rent, low competition and cheap labour opportunities, however black areas in the US are also stigmatised and seen as undesirable to many retailers including supermarket chains (Kwate 2008) . In these circumstances, policy makers may be reliant on retailers willing to trade in these communities such as fast food chains, to create jobs and employment opportunities for local residents.
Fraser et al (Fraser, Edwards, Cade, & Clarke 2010) have suggested that the disparities identified above are an illustration of the 'deprivation amplification' effect. Deprivation amplification describes how individual or household deprivation, for example low income or educational attainment, is amplified by area level deprivation and the conditions within deprived neighbourhoods such as the increased availability of less healthy foods or decreased availability of affordable healthy food (Macintyre et al. 1993) . However, as has been suggested in the literature (Macintyre 2007) and confirmed by the evidence in our review, it may not always be true that poorer neighbourhoods provide a less healthful environment for residents. Two recent intervention studies, focused on mobile food stores, aimed to improve access to fruit and vegetables in low income communities. The interventions, which involved a mobile food store in the UK and farmers market in the US, found that self-reported intakes of fruit and vegetables had increased over the time period of the interventions (Evans et al. 2012; Jennings et al. 2012) . Neither of these studies, however, used a control group or indicated adjustment for individual or societal factors that may have also influenced dietary intake. Other initiatives such as public-private partnerships to introduce supermarkets to underserved areas, improved transportation in low income neighbourhoods or restrictions and incentives for food retailers such as zoning regulations or tax rebates have been proposed as strategies to enable a more equitable distribution of food sources (Hilmers, Hilmers, & Dave 2012) .
Consumer nutrition environment
There have been fewer studies of the consumer nutrition environment than the community nutrition environment and the findings of these studies are mixed. There is some evidence in the US for poorer availability of healthy products in low income and ethnic neighbourhoods than more affluent neighbourhoods. The evidence from other developed countries is weaker and less consistent. The evidence for neighbourhood disparities in price is varied across all countries with findings showing both cheaper and dearer prices in disadvantaged neighbourhoods. While few studies have assessed neighbourhood differences in quality of food, the evidence consistently showed poorer quality produce in more deprived than more affluent neighbourhoods. Moving to consider how consumer nutrition environment factors relate to diet, the literature shows evidence for associations between price and availability and dietary intake in the US. The literature and evidence from other developed countries is limited and weaker. Changes in the price of less healthy foods, particularly sweet carbonated drinks, have shown that as price increased intake of these foods decreased. This relationship was differentiated by ethnicity and income with the strongest associations observed in blacks and low-income earners. Local availability of healthy foods was also shown to relate to poorer dietary patterns but not better dietary patterns. This finding suggests that individuals with poorer diets may be disproportionately affected by their neighbourhood food environment than individuals with better quality diets. This disparity may result from being less likely to have access to a private car to travel to other shopping opportunities or more likely to keep daily activities to a more localised space (Coveney et al. 2009 ). (Lake et al. 2010; Powell et al. 2011) . Levels of agreement, however, were poorer when categorisation of outlets was included in the comparison Rossen et al. 2012) . The findings from secondary data may therefore need to be viewed with caution and more longitudinal studies are needed, particularly using individualised data.
Limitations of the food environment literature
Another methodological limitation of this body of literature is the premise that people shop and are primarily influenced by food outlets geographically proximate to their homes . The assessment of individualised living spaces for community nutrition environment research has been piloted in two studies: one used seven day global positioning system tracking data to create a total individualised area by buffering all locations visited by 0.5 mile radius (Zenk, Schulz, Matthews, Odoms-Young, Wilbur, Wegrzyn, Gibbs, Braunschweig, & Stokes 2011) and the other used one day travel surveys and locations visited as anchor points to calculate an individualised area (Kestens et al. 2010) . Timegeographic accessibility measures may also provide opportunities for more complete and realistic representations of the food environment by considering exposures along routes people regularly travel in conjunction with practical time restrictions on food shopping (Widener et al. 2013) . Applying these individualised food environment exposure measures to individualised dietary measures will help eliminate the ambiguity found in the current evidence.
There is also a need for consumer nutrition environment studies to link dietary data to the instore environment of where people shop to overcome previous methodological assumptions (Caspi, Sorensen, Subramanian, & Kawachi 2012b) . Thus, consumer nutrition environment studies could be further enhanced by the use of reliable tools that assess the range of environmental stimuli consumers face when shopping in additional to product availability and price, including product placement, prominence, promotion and labelling (Kelly et al. 2011) . These tools may also be useful for assessing organisational nutrition environments such as workplace canteens (Kelly, Flood, & Yeatman 2011) .
It has been suggested that the single most important strategy for future food environment research is combining multiple environment assessment techniques. An intelligent mix of instore audit measures and GIS based methods would provide a more accurate characterisation of the neighbourhood food environment (Rose et al. 2010) . A good example of such multidimensional assessment is work by Hermstad et al (Hermstad, Swan, Kegler, Barnette, & Glanz 2010 ) which used structural equation modelling to investigate the relative influence of environmental, social and individual level factors on dietary fat intake. The reliable in-store audit tool NEMS-S was used to assess the availability, cost and quality of lower fat items and scores were summed for all grocery and convenience stores within a five mile radius of participants home. Proximity measures of fast food outlets were also calculated. Modelling calculations measured the combined effect of these exposures as well as the home nutrition environment, perceived nutrition environment and psychosocial factors. Further research applying a multi-dimensional approach to investigating the neighbourhood food environment and incorporating potential mediating factors such as transport method and psychosocial factors is needed. Recent qualitative research has also shown that residents of deprived neighbourhoods do not respond in a uniform manner to similar in-store supermarket environments suggesting a mediating role for psychosocial factors . Therefore, socio-ecological conceptual approaches and sophisticated modelling techniques are required alongside qualitative research to enhance the current state of the evidence and identify the relative influence of multiple dimensions of the neighbourhood food environment and psychosocial factors on dietary inequalities. Findings of such research are likely to help inform the allocation of resources and development of complex interventions to improve disparities in dietary intake.
Conclusion
This review summarised the evidence for neighbourhood disparities in community and consumer nutrition environments from 10 previous review articles, and also assessed the evidence for an effect of the community and consumer nutrition environments on dietary intake. There is evidence for inequalities in food access in the US; trends are less evident in other developed countries. The evidence also shows a trend for greater access and availability, to either healthy or less healthy foods, relating to diet as expected. However unexpectedly, the evidence for price shows a trend for higher prices of healthy foods being associated with better dietary outcomes. The neighbourhood food environment literature suffers from considerable heterogeneity in methodology and generalised environmental exposures. These methodological limitations hinder the development of clear policy recommendations and interventions to improve nutrition environments. Further research applying a multi-dimensional approach and individualised environmental exposures is needed to enhance the current state of the evidence and help inform future interventions. Summary of findings relating density of healthier food stores to better dietary quality or higher fruit and vegetable intake. * Across 42 different exposure measures, 17 studies and 21 papers. Summary of findings relating proximity of healthier food stores to better dietary quality/fruit and vegetable intake. * Across 11 different exposure measures, 16 studies and 18 papers. Summary of findings relating density of less healthy food stores to poorer dietary outcome. * Across 10 different exposure measures for convenience stores, 7 studies and 7 papers. * Across 12 different exposure measures for fast food outlets, 8 studies and 9 papers. * 2 studies were not included in the convenience store calculation because different outcome measures were used. * 5 studies were not included in the fast food outlet calculation because different outcome measures were used. Summary of findings relating density of less healthy stores to poorer dietary outcomes. * Across 5 different exposure measures for convenience stores, 7 studies and 7 papers. * Across 1 different exposure measures for fast food outlets, 4 studies and 5 papers. * 1 study was not included in the convenience store calculation because different outcome measures were used. * 1 study was not included in the fast food outlet calculation because different outcome measures were used. Table 2 Summary of findings relating consumer nutrition environment exposures to better dietary quality/higher fruit and vegetable intake.
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